The effects of hyperkalemia on serum and myocardial digoxin (DX) concentration was studied in conjunction with hemodynamic changes in 31 normal dogs. The myocardial DX concentration in the hyperkalemic (HK) group was significantly lower than that in normokalemic (NK) group, despite a significantly higher serum DX concentration in the HK group. In the HK group, the myocardial sodium concentration was significantly lower than in the NK group. Coincident with these biochemical changes, no increase of LV max dP/dt after DX administration was observed in the HK group. These results suggest that there might be competitive antagonism between myocardial uptake of potassium and DX. velopment of immunological assays for digitalis, this problem has been studied from the standpoint of the concentration of digitalis in the body fluid or various tissues.1)-7) However, the site of action of digitalis, has not been demonstrated unequivocally. In this study, adult mongrel dogs were divided into 2 groups: those with normokalemia (hereafter abbreviated as the NK group) and those with hyperkalemia (hereafter abbreviated as the HK group). In each group, the correlation between the digoxin concentration in the blood and that in the myocardium was observed in association with hemodynamic changes.
SUMMARY
The effects of hyperkalemia on serum and myocardial digoxin (DX) concentration was studied in conjunction with hemodynamic changes in 31 normal dogs. The myocardial DX concentration in the hyperkalemic (HK) group was significantly lower than that in normokalemic (NK) group, despite a significantly higher serum DX concentration in the HK group. In the HK group, the myocardial sodium concentration was significantly lower than in the NK group. Coincident with these biochemical changes, no increase of LV max dP/dt after DX administration was observed in the HK group. These results suggest that there might be competitive antagonism between myocardial uptake of potassium and DX. velopment of immunological assays for digitalis, this problem has been studied from the standpoint of the concentration of digitalis in the body fluid or various tissues.1)-7) However, the site of action of digitalis, has not been demonstrated unequivocally. In this study, adult mongrel dogs were divided into 2 groups: those with normokalemia (hereafter abbreviated as the NK group) and those with hyperkalemia (hereafter abbreviated as the HK group).
In each group, the correlation between the digoxin concentration in the blood and that in the myocardium was observed in association with hemodynamic changes.
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Received for publication October 29, 1982. The DX concentrations in various tissues in the 2 groups were compared at 5 and 120min after DX administration (Fig. 4) . The values were necessarily lower in the HK group than in the NK group, and this tendency was more clearly revealed in the values after 120min than in those after 5min (p<0.001). Fig. 5 a high percentage of the body as a whole , it is suggested that the skeletal muscle plays an important role as a digitalis pool . Goldman et al7) noted that the DX concentration of skeletal muscle was 12 .9% of that of the left ventricle and they suggested that it was mainly based on differences in blood flow. Doherty ,12) Morgan3) and Moran16) et al reported similar findings, and they suggested that there may be fewer binding sites for digitalis in the skeletal muscle than in the myocardium or that the uptake of digitalis may be promoted by both contact with digitalis and the frequency of muscle contraction.
The excretion of digitalis must also be considered. The comparison of DX concentrations in various tissues (Fig . 4) showed that the concentration in the kidneys was much higher than that in other tissues . This suggests that the kidney is the main route of DX excretion. A comparison of the DX concentrations in the kidneys from the NK and HK groups showed that the values in the HK group were significantly lower than those in the NK group after both 5 and 120min. This indicates that the excretion of DX is delayed in the HK group. In this experiment, concentrations in the urine and bile were not measured, but Morgan et al3) reported that DX concentrations in the urine were much higher in the NK group than in the HK group , and there were no differences in concentrations in the bile between the 2 groups. From these data, then, it is evident that the tissue uptake of administered DX was less in the HK group than in the NK group and that the excretion in the urine was decreased. Consequently, the DX concentration remained high in the blood in the HK group.
3) DX concentration in the myocardium and the isotropic effect of digitalis As a prerequisite for digitalis showing its inotropic effect on the heart, it must bind to receptor sites in the heart. However, these sites are still obscure. In this experiment, the DX concentrations in the myocardium were measured and correlated with the changes in LV max dP/dt. As can be seen in Fig. 6 , the LV max dP/dt in the NK group reached a peak 60min after DX injection. However, the value after 5min was only 25% of the peak and there was no statistically significant difference from the control value. However, the DX concentration in the myocardium was 132ng/Gm after 120min and 52ng/Gm after 5min (about 40% of the 120min values). In the HK group, no clear conclusion could be drawn due to atrial pacing. Although there were no significant changes in the LV dP/dt, the DX concentration in the myocardium were significantly lower than those in the NK group. These results indicate that there is not necessarily a parallel relation between the DX concentration in the myocardium and the LV max dP/dt. Deutscher et al13) administered 0.08mg/Kg of DX to dogs and observed the changes in LV dP/dt. They found an increase after 5min, a value of 33-66% of the peak after 15min and a peak after 60min. The concentration of DX in the myocardium was already 50% of the maximum value after 5min and reached the maximum value after 15min. Goldman et al7) studied the amounts of DX which induced the same level of inotropic effects in HK and NK dogs and found that twice the amount was required in the former dogs. From the results described above, it is evident that the K concentration in the myocardium is higher and the Na concentration is lower in the HK group than in the NK group, and that the DX concentration in the myocardium of the HK group is lower than in the NK group, which coincides with a reduced inotropic effect.
In this experiment, the myocardial tissue was not analyzed by tissue fractionation methods and no definite conclusions can be drawn. However, the facts that HK caused not only an increase in the K concentration in the myocardium but also a decrease in the Na concentration, in addition to low DX concentration in the myocardium, strongly suggest that the sodium pump is closely related to the myocardial uptake of K and digitalis. From a number of previous reports,17) it is assumed that Na-K ATPase in the myocardial cells provides an effective site for manifestation of the inotropic effect. Dutta14) made the observation using 3H-DX in isolated heart of guinea pigs (modified Langendorff's technique) and pointed out that a large amount of DX was initially found in the supernatant fraction. However, when the inotropic effect appeared after 60min, most of the DX was found in the microsomal fraction. Goldman et al6) reported that the grade of inhibition of Na-K ATPase under DX administration and the amount of microsomal DX are correlated with the inotropic effect. However, Okita et al15) reported that the administration of strophanthidin inhibited membrane Na-K ATPase activity with a positive inotropic effect. However, the inhibition of the enzyme continued even when the inotropic effect had disappeared after the wash-out of digitalis, and he suggested that Na-K ATPase is not a real binding site for the manifestation of the inotropic effect of digitalis. Since the location of the receptor site of digitalis is a matter of controversy, it would be reasonable to consider at the present time that even if Na-K ATPase itself is not an effective site of digitalis (Goldman et al6)), they are substantially very close to Na-K ATPase. From the discussions above described, it seems reasonable to conclude that there might be a competitive antagonism between myocardial uptake of potassium and DX.
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CONCLUSION
In order to elucidate the effects of hyperkalemia on serum and myocardial digoxin concentration, observations were made in normal dogs with these hemodynamic changes. Results obtained were as follows:
(1) The serum DX (digoxin) concentrations up to 2 hours after intravenous DX administration in normal dogs were significantly higher in the HK (hyperkalemia) group than in the NK (normokalemia) group.
(2) The DX concentrations in various organs 120min after DX administration were significantly lower in the HK group than in the NK group, and the myocardial DX concentration in the HK group was particularly low compared with the NK group.
(3) The LV max dP/dt after DX administration increased gradually in the NK group and reached a peak after 60min, but there were no significant changes of this parameter in the HK group.
(4) In the NK group, there were significant increases in both systolic and diastolic aortic pressures after DX administration, but there were no significant changes in the HK group.
